ISLOCATIONS of the mandible occur most often in the anterior, anteromedial, or posterior direction and usually do not involve the cranial vault. On rare occasions, the mandible can be displaced superiorly into the middle cranial fossa by way of a fractured glenoid fossa. Because blunt trauma to the chin usually results in fractures to the thin neck of the mandibular condyle rather than fracture of the glenoid fossa, dislocation of the mandibular condyle into the middle cranial fossa is very rare. Fewer than 60 cases of this condition have been reported in the literature. 2, 6, 7, 16, 26, 34, 38, 41 Patients with this condition often present with preauricular pain and an anterior open bite of the mandible. In part because of its low incidence, the diagnosis of this entity is often delayed, resulting in a more difficult repair of the fracture and the likelihood of a worse outcome for patients. We report a rare case of a girl who suffered a dislocation of the mandibular condyle into the middle cranial fossa with an associated fracture of the glenoid fossa. The pathophysiological aspects of this condition and treatment options are discussed.
revealed the head of the mandibular condyle protruding into the right middle cranial fossa.
Operation and Follow-Up Evaluation. The patient was taken to the operating room for a joint neurosurgical and oral maxillofacial surgical procedure to reduce the head of the mandibular condyle and repair the floor of the middle fossa. A right frontotemporal craniotomy was performed. Once the head of the mandibular condyle was exposed in the temporal fossa, the mandible was reduced externally with traction by oral maxillofacial surgery. The occlusion was then stabilized by performing a maxillomandibular fixation. A splitthickness skull graft from the bone flap was placed over the hole in the middle fossa and secured to the skull base with titanium screws. Great care was taken to use the shortest possible screws and to angle them away from the condylar head. This was done to maintain joint integrity to the greatest possible extent. Several dural tears from the initial injury were found, which were primarily repaired. The maxillomandibular fixation was removed to test the patient's dental occlusion and range of jaw motion. Her jaw was then wired back into the maxillomandibular fixation by the oral maxillofacial surgery team. A postoperative CT scan showed a good repair (Fig. 3) . The patient did well postoperatively and was discharged home several days later.
Postoperative Course. At her 1-month follow-up evaluation, the patient was doing well with no report of pain. Her maxillomandibular fixation was removed, and she started physical therapy with a Therabite jaw motion rehabilitation system. At her 1-year follow-up visit, she was eating normally, with a normal jaw opening. On maximum opening of the jaw, there was only a slight deviation of the jaw to the right, indicating some degree of loss of function of the lateral pterygoid muscle.
Discussion
Including this case, there have been 42 reported instances of mandibular condyle intrusion into the middle cranial fossa in the English literature, 1, 2, [4] [5] [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [24] [25] [26] [27] [28] [29] [30] [31] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] with another 14 references in the non-English literature. 3, 19, 22, 23, 26, 32 With regard to the English literature, the mean age of patients is 22.6 years, with a standard deviation of 15.5 years and an age range between 5 and 64 years. More than half (54.8%) of the patients belong to the pediatric population (defined as Յ 18 years of age). Females are more than twice as likely to be affected as males, and this female predilection is even more pronounced in the pediatric population, especially in the youngest children (Table 1) . Motor vehicle accidents account for the majority of cases (52.4%), with bicycle accidents being the second most common cause (26.2%; Table 2 ).
Anatomical considerations explain the infrequency of mandibular condyle dislocations into the middle cranial fossa. The relative weakness of the condylar neck leads to the tendency for fractures to occur in the subcondylar region when force is applied to the mandible. Most often, the mandible is displaced posteriorly after fracture of the condylar neck. 2, 6, 14 Moreover, in experimental studies performed by da Fonseca, 9 that investigator found that the normal scrollshaped condylar head is well anchored in the glenoid fossa by ligamentous attachments and is larger than the fossa, preventing superior dislocation through the central glenoid fossa in most instances. Given these multiple protective fac- tors, intrusion of the mandible through the glenoid fossa almost always occurs in a unilateral fashion. There has been only one known case of bilateral dislocation of the mandibular condyles into the middle cranial fossa. 26 The condylar neck is thicker in children than it is in adults. The added strength of the condylar neck in children as opposed to adults helps to explain the higher proportion of this injury occurring in children. That is, the condyle can more readily dislocate superiorly through the floor of the middle fossa, as opposed to fracturing and being displaced posteriorly. Other predisposing factors include increased pneumatization of the temporal bone 2, 20, 36 and absent posterior dentition. 2, 20, 36 Even in the presence of predisposing structural features, some authors contend that condylar dislocations into the middle cranial fossa occur only with a blow to the mandible directed posteriorly and superiorly while the mouth is open. 6, 25 In this way, the force is delivered superiorly along a trajectory that pushes the head of the mandible through the wall of the glenoid fossa and into the temporal fossa.
Condylar dislocation into the middle cranial fossa has been successfully diagnosed on initial examination in only half of the cases reported in the literature, which illustrates the difficulty involved in diagnosing the condition. 38 Besides the rarity of the injury, the lack of specific symptoms in many patients may be a major reason why the correct diagnosis is overlooked. Patients often present with signs and symptoms that mimic a subcondylar fracture, including ipsilateral deviation of the mandible, decreased height of the mandible on the injured side, diminished jaw mobility, malocclusion of the dentition, and preauricular pain. 2, 6, 24 In a few patients, the intrusion of the mandibular condyle into the cranial cavity has resulted in neurological manifestations such as hearing deficits, cerebrospinal fluid otorrhea, facial nerve paralysis, and altered consciousness from cerebral contusions or hematomas. 2, 16, 24 Given the nonspecific nature of the symptoms and the potential for serious neurological complications, neuroimaging investigations are required when mandibular condyle dislocation into the cranial cavity is even remotely suspected. Plain x-ray films, including panoramic views, can be difficult to interpret in the area of the condyle and can lead to missed diagnoses. It is thought that CT scanning may be the most effective tool to identify glenoid fossa damage. 6, 16, 20, 24 Three-dimensional CT reconstructions can further delineate the extent of the injury.
Treatment goals for this condition include the restoration of jaw function and facial symmetry, the prevention of recurrent dislocations, and the minimization of long-term complications, such as joint ankylosis. To achieve these objectives, multiple treatment plans have been considered, including closed manual reduction and open reduction with glenoid fossa reconstruction. Various autologous (for example, bone 6, 36 and temporalis fascia 38, 41 ) and synthetic materials (for example, titanium plates 14, 21 and Silastic implants 37 ) have been used to reconstruct the fossa. Subsequently, most patients have undergone intermaxillary or maxillomandibular fixation, although some authors question the necessity of this procedure. 36 Most recent reports, especially those dealing with pediatric patients, have favored closed reduction under general anesthesia in recently suffered injuries, which are defined as 2 to 4 weeks in duration. 2, 16, 20 Surgical intervention has been used in cases associated with evident neurological injuries, facial fractures, failed attempts at closed reduction, and long delays in treatment. 20, 24, 41 Some prefer open reduction in all cases; they argue that blind, closed manipulations increase the likelihood of damaging adjacent brain tissue, and that the middle meningeal artery can be torn as the sharp bone segments are manipulated. 36 In this case, we chose to proceed with an open reduction with glenoid fossa repair because of the extensive intrusion of the mandibular condyle into the middle cranial fossa. Brain contusion was evident on head CT scans ( Fig. 1) and magnetic resonance images (not shown). Intraoperative exploration revealed multiple dural tears, which were repaired primarily. These tears could not have been found on preoperative imaging alone. A split-thickness bone graft fastened with titanium screws was used to reconstruct the floor of the middle fossa. We recommend that the treatment plan be developed on an individual basis after an evaluation of multiple factors, including the age of the patient, the age of the injury, the extent of neurological injury, and associated trauma. 16, 24 Craniotomy for exploration and repair should be undertaken if neurological injury is suspected.
Conclusions
We report the case of a 12-year-old girl who suffered a dislocation of the mandibular condyle into the middle cranial fossa following trauma to her face. The patient was treated with a craniotomy for open reduction and repair of the floor of the middle fossa. This case demonstrates the circumstances needed for this rare event to happen. In cases such as this, we recommend that an individualized treatment plan be developed and that surgical exploration and repair be undertaken if neurological injury is suspected. 
